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(54)  Self-optimizing handover method

(57) Theinvention relates to methods of using atrain-
able software module used in the handover procedure
employing the location based information for the self op-
timization of wireless communication networks, in partic-
ular for the self optimization of cellular mobile networks.
Embodiments of the invention address the problems of
radio link failures and rapid handovers immediately after
transferring a wireless appliance from one base station
apparatus to the other at certain cell border locations by
evaluating which base station apparatus a wireless ap-
pliance should have its wireless connection transferred
to using either a database or a trainable software module.
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Description
Background of the Invention

[0001] When wireless appliances such as mobile ter-
minals are passed from one cell to another there can be
problems with radio coverage at the boundary between
cells. There are situations in real network environments
where handovers to target cells shall be avoided at spe-
cific border locations. Such situations occur e.g. when a
mobile terminal moves immediately after handover into
a coverage hole of the target cell and no rapid handover
can be executed to a new neighbor cell.

[0002] For example, when a mobile terminal is trans-
ferred to a new cell the terminal can suddenly enter a
region where the radio connection with the new cell is
lost. In another example, a mobile terminal can be suc-
cessfully transferred to a new neighbor cell in case of
predefined handover conditions are fulfilled, i.e. normally
to a cell with the strongest reported signal, and then
quickly move to a region where the new connection be-
comes weak enough that the connection needs to be
handed over again to the old or another neighbor cell.

Summary of the Invention

[0003] Embodiments of the invention provide for a
method of operating a first base station, a computer pro-
gram product for operating the first base station, a meth-
od of operating a second base station apparatus, and a
computer program product for operating a second base
station apparatus in the independent claims. Embodi-
ments of the invention are described in the dependent
claims.

[0004] Embodiments of the invention address the
aforementioned problem by evaluating which base sta-
tion apparatus a wireless appliance should have its wire-
less connection transferred to using either a database or
a trainable software module. In some embodiments, the
network performs better as successive radio failures or
rapid handovers increase the amount of data used for
the database or for training the trainable software mod-
ule.

[0005] The technical problem to be solved is based on
the usage of a self-detection and self-optimization mech-
anism in wireless networks, especially for 3GPP (3
[0006] Generation Partnership Project) LTE (Long
Term Evolution) mobile access networks, to increase the
system performance, to minimize handover failures and
even to avoid non suitable handovers. Embodiments of
the invention may also apply to other wireless networks
such as: IEEE 802.16 (WIMAX) or 3GPP2 (CDMA2000).
[0007] The best existing solutions does not consider
scenarios where abrupt handover failures occur for mo-
bile terminals in a target base station immediately after
the source base station has received a successful hando-
ver confirmation from the target base station. The terms
base station and cell can be used as synonyms. 3GPP
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LTE specified the possibility that a source base station
can prepare multiple neighbor cells as candidates for
handovers of a terminal. However, the preparations will
be cancelled for all other neighbors when the target base
station confirms a successful handover. Another possi-
bility is the evaluation of "UE history information" infor-
mation elements which is specified in 3GPP TS 36.413
and TS 36.423. In this case the base stations transmit
the last visited cell information like the visit times of a
certain mobile terminal in the handover request mes-
sage. However, this information can only help in case of
successive handovers but not for an unexpected abrupt
handover failure especially caused at a specific cell bor-
der location.

[0008] Embodiments of the invention may improve the
quality of the wireless communication connection in en-
vironments where a mobile terminal remains only a short
time in a target cell and then quickly performs successive
handover to a new neighbor cell especially for cases
when problems occur at specific cell border locations.
[0009] The radio conditions in the overlap area of two
or more neighbor cells may differ at different locations at
the border area. It may be suitable to handover a mobile
terminal from one cell to another at one location of the
border area whereas it may be unsuitable at another lo-
cation of the same border area. In order to detect prob-
lematic handover locations at the border area of neighbor
cells, base stations which are involved in handover pro-
cedures of mobile terminals shall exchange border loca-
tion based information. For example by using the LTE
specified "UE History Information" information element
which is included in the "Handover Request" message.
This information shall include either cell identifiers and
signal strength measurements of neighbor cells reported
by mobile terminals towards the source cell/base station
which can be mapped on the location of mobile terminals
or/and other location based information like beamforming
parameters, e.g. in terms of angles, used by the source
cell or/and the coordinates of the involved mobile termi-
nals, if available. The exchange of the cell identifiers and
the corresponding measured signal strengths can be
based on all detected neighbor cells or at least only such
neighbor cells for which a certain threshold has been
reached, i.e. on the basis of strongest cells. It shall be
also possible to exchange reported signal strength val-
ues together with the corresponding cell identifiers or only
a ranking of identifiers of the strongest cells.

[0010] When the target base station has detected
problems in handovers at some specific location of cell
border, it can reject further requested handovers. For ex-
ample by using a LTE specified "Handover Preparation
Failure" message, which could also include the cause for
the rejection e.g. "handover recommended to another
neighbor cell" enhanced by a specific parameter like the
Physical Cell identifier or Cell Global identifier of the pre-
ferred cell for handover. The rejection will be transmitted
after having analyzed that mobile terminals moving into
a certain border area are always lost in a coverage hole
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ofthe target cell ortheyimmediately handed over towards
one of the listed neighbor cells.

[0011] A wireless appliance is defined herein as any
communication device which established at least a two
way wireless communication with a device capable of
receiving the wireless communication connection. Exam-
ples of awireless appliance includes a cell phone, a hand-
held radio, and any computing device able to connect to
a wireless network. The general term used for wireless
appliance in wireless networks is "mobile terminal".
[0012] A base station apparatus is defined herein as
a device adapted for establishing a wireless communi-
cation connection with a wireless appliance and for pro-
viding the wireless appliance access to a communication
network. For example the communication network can
be the global wireless/wireline communication network,
public land mobile/fixed network or the world wide web.
[0013] A signal quality report is defined herein as a
report sent from a wireless appliance to a serving base
station apparatus that contains information that can be
used to assess the quality or strength of connections be-
tween the wireless appliance and a collection of base
station apparatuses including the serving base station
apparatus. The quality rating of a wireless communica-
tion connection is a value which ranks how well a partic-
ular wireless communication channel is expected to per-
form. A higher quality rating is defined herein as meaning
that the wireless communication channel has a better
connection. This means that the wireless communication
channel has a stronger more robust radio connection
which enables data transmissions at higher data rates.
Higher data loss or even call drops can be avoided when
using the better wireless connection. If the signal quality
report gives arating of the absolute strength of a wireless
connection then it is the so called Reference Signal Re-
ceived Power (RSRP). The ratio of the received power
with respect to the source power, which is also known
as the Reference Signal Received Quality (RSRQ) can
also be used. The rating indicates which kind of modu-
lation scheme can be used to minimize the loss of data
or information packets. Information which indicates the
position of the wireless appliance relative to each of the
set of base station apparatuses can also be used by the
source base station apparatus on the basis of the signal
quality report which indicates a kind of fingerprint. Anoth-
er alternative is the transmission of absolute coordinates
by the wireless appliance by using global navigation sat-
ellite system data.

[0014] eNB is an acronym for "evolved Universal Ter-
restrial Radio Access Network Node B" and is an em-
bodiment of a base station apparatus. UE is an acronym
for User Equipment and is equivalent to a wireless ap-
pliance. RLF is an acronym for Radio Link Failure. HO
is an acronym for Handover. RRC is an acronym for Ra-
dio Resource Control. RCC messages are used amongst
others for the establishment, connection, and release of
wireless communication connections.

[0015] A trained evaluation module is a trainable soft-
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ware module. One embodiment of a trained evaluation
module is adapted for selecting a base station apparatus
to transfer a wireless appliance to using a signal quality
report and/or information which identifies the location of
a wireless apparatus. Another embodiment of a trained
evaluation module is adapted for accepting or rejecting
the transfer of a wireless appliance using a signal quality
report and/or information which identifies the location of
a wireless apparatus.. A trained evaluation module can
be implemented using a trainable pattern recognition
module. A trainable pattern recognition module can be
implemented by using a variety of different methods. Ex-
amples of different methods or algorithms that could be
used are: Principal Component Analysis, Neural Net-
work, CN2 algorithm, C4.5 algorithm, Iterative Dichot-
omiser 3 (ID3), nearest neighbor search algorithm, naive
Bayes classifier algorithm, Holographic Associative
Memory, or perception learning algorithm. Training data
can be generated by a self-learning mechanism based
on specific cell border locations under consideration of
successive communication failures or rapid handover re-
quests. Training data may also be generated manually
or with a simulation. Manually created training data
and/or simulated training data may be useful when the
network first begins operational mode. The trained eval-
uation module may also be implemented as and/or com-
prise a database.

[0016] The trained evaluation module can be imple-
mented at a single site that each of the base station ap-
paratus connect to. For instance the base station appa-
ratuses can connect via a computer network to a central
computer which controls the handover of the wireless
appliance to successive base station apparatuses. The
trained evaluation module can also be distributed be-
tween the different base station apparatuses. If the
trained evaluation modules are distributed they may ei-
ther cooperate or operate independently. If they cooper-
ate, then they may pass messages between them and
may share database or training data. If they operate in-
dependently, then each base station apparatus may gen-
erate training data using the communication failures
and/or the information of rapid handovers that each is
aware of.

[0017] The invention provides for a method of operat-
ing a first base station apparatus for transferring a wire-
less communication connection with a wireless appliance
from the first base station appliance to one of the second
base station apparatuses. The set of second base station
apparatuses comprises at least a preferred base station
apparatus and an alternative base station apparatus. The
method comprises receiving a signal quality report from
the wireless appliance. The signal quality report can com-
prise a variety of information. A signal quality report is
defined herein as any information which can be used to
evaluate the quality of a connection between a wireless
appliance and reported base station apparatuses and
which can also be used to map on the location of the
mobile terminal. This can contain measures of the
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strength of the signal between the wireless appliance and
the base station apparatuses, and it can also contain
information relating the position of the mobile terminal.
For example the RSRP reference signal receive power
or the RSRQ, reference signal receive quality can be
used. The strength of areference signal can be measured
and reported by a mobile terminal. The location can be
reported using GNSS or global navigation satellite sys-
tem data. An example of a GNSS system is the so called
GPS or global positioning system. The signal quality re-
port can also contain information on the location and ve-
locity of the wireless appliance. It can also contain infor-
mation on the location and the direction of travel. The
signal quality report comprises a quality rating of the con-
nection between the wireless appliance and each of the
second base station apparatuses as well as the first base
station apparatus. The signal quality report is used to
evaluate how well a potential connection would be and
to decide what connection to make. The method further
comprises selecting the preferred base station using the
quality rating of each of second base station apparatuses
compared to the signal quality of the first base station
apparatus.

[0018] The method further comprises sending a first
transfer request to the preferred base station apparatus.
The first transfer request comprises the signal quality re-
port. The signal quality report that is contained within the
first transfer request may contain the full data that was
received by the first base station, or the data may be
condensed or summarized. For example the signal qual-
ity report within the first transfer request may have infor-
mation on several base station apparatuses removed if
they are not a candidate for transfer if their power or qual-
ity rating is below a certain threshold. The first base sta-
tion may also perform calculations on the signal quality
report or a substitution of physical cell identifiers by cell
global identifiers. These calculations could be sent in-
stead of the raw data from the signal quality report. The
method further comprises receiving a first transfer re-
quest reply from the preferred base station apparatus.
At this point a message has been sent from the first base
station to the preferred base station apparatus.

[0019] The preferred base station then sends a reply
message to inform the first base station whether the
transfer should commence or should be cancelled. The
first transfer request reply comprises either a transfer ac-
knowledgement message or a transfer cancel message.
The transfer acknowledgement message informs the first
base station to proceed with transferring the wireless
communication connection to the preferred base station.
The transfer cancel message informs the first base sta-
tion apparatus to not proceed with transferring the wire-
less communication connection to the preferred base sta-
tion. In this case communication with an alternative base
station is initiated in order to transfer the wireless com-
munication connection to the alternative base station ap-
paratus. The method further comprises sending a first
connection reconfiguration request to the wireless appli-
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ance if the transfer request reply comprises the transfer
acknowledgement message. The first connection recon-
figuration request informs the wireless appliance that the
wireless communication connection will be transferred
to the preferred base station apparatus. The method fur-
ther comprises receiving a first release command from
the preferred base station apparatus if the first connec-
tion reconfiguration request was sent. This is a message
from the preferred base station apparatus to the first base
station apparatus that tells the first base station appara-
tus that communication has been successfully estab-
lished between the preferred base station apparatus and
the wireless appliance. The method further comprises
terminating the corresponding communication connec-
tions according to the wireless appliance if the first re-
lease command is received. At this point the wireless
communication connection has been successfully trans-
ferred from the first base station apparatus to the pre-
ferred base station apparatus. The preferred base station
apparatus can be determined in a number of different
ways. Typically reported RSRP values are used to select
the preferred base station apparatus and to rank each of
the set of alternative base station apparatuses.

[0020] The method further comprises sending a sec-
ond transfer request to the alternative base station ap-
paratus if the transfer request reply comprises a transfer
cancel message. At this step the first base station appa-
ratus is making a connection with the alternative base
station apparatus in an effort to transfer the wireless com-
munication connection from the first base station appa-
ratus to the alternative base station apparatus. The meth-
od further comprises receiving a second transfer request
reply from the alternative base station apparatus if the
second transfer request was sent. The second transfer
request reply comprises either a transfer acknowledge-
ment message or a transfer cancel message. The meth-
od further comprises sending a second connection
reconfiguration request to the wireless appliance if the
second transfer request reply comprises the transfer ac-
knowledgement message. The second connection
reconfiguration request instructs the wireless appliance
to shift the wireless communication connection from the
first base station apparatus to the alternative base station
apparatus. The method further comprises receiving a
second release command from the alternative base sta-
tion appliance if the second communication reconfigura-
tion request was sent. The method further comprises ter-
minating the corresponding communication connections
according to the wireless appliance if the second release
command is received.

[0021] In another embodiment, the first transfer re-
quest reply specifies which of the second base stations
is the alternative base station. This embodiment is ad-
vantageous, because the preferred base station appa-
ratus can have a database or a trained evaluation module
which is able to determine the best second best base
station to transfer the wireless communication connec-
tion of the wireless appliance to.
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[0022] In another embodiment, the connection be-
tween the alternative base station and the wireless ap-
paratus has the second highest quality rating. This em-
bodimentis advantageous because the quality rating can
then be used to select directly the alternative base sta-
tion.

[0023] In another embodiment the connection be-
tween the preferred base station and the wireless appa-
ratus has the highest quality rating. This embodiment is
advantageous, because the quality rating can be used
to determine the preferred base station apparatus.
[0024] In another embodiment the preferred base sta-
tion apparatus is selected using a trained evaluation
module. The trained evaluation module is adapted to be
trained using training data. The training data is defined
herein as any data or examples used to train a trainable
software module.

[0025] In another embodiment, if the first transfer re-
questreply comprises a transfer cancel message the first
transfer request also comprises training data. The meth-
od further comprises the step of updating the trained eval-
uation module with the training data in the first transfer
requestreply. This is advantageous, because the system
can use the connections between the first and preferred
base station apparatuses to improve the efficiency in
which a good connection is found.

[0026] In another embodiment, if the first transfer re-
questreply comprises a transfer cancel message the first
transfer request comprises a cause value indicating the
reason for the transfer cancel message.

[0027] In another embodiment, if the first transfer re-
questreply comprises a transfer cancel message the first
transfer request comprises a base station apparatus
identifier that identifies the alternative base station ap-
paratus.

[0028] In another embodiment, the method further
comprises the steps of generating a set of training data
using the signal quality report and the first transfer re-
quest reply. The method further comprises updating the
trained evaluation module using a set of training data.
This embodiment is advantageous, because if the first
transfer reply request indicates that the transfer of the
wireless appliance to a preferred base station is rejected,
the trained evaluation module can be trained to not do
this again.

[0029] In another aspect, the invention provides for a
computer program product comprising machine execut-
able instructions for performing the method of any one
of the preceding claims on a base station apparatus. The
base station apparatus comprises a computer system, a
microprocessor, and/or a microcontroller. This is advan-
tageous, because the machine executable code can be
used for automating the transfer procedure.

[0030] In another aspect, the invention provides for a
method of operating a second base station apparatus for
receiving the transfer of a wireless communication con-
nection with a wireless appliance from a first base station
appliance. The method comprises receiving a first trans-
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fer request from the first base station apparatus. The first
transfer request comprises a signal quality report. A sig-
nal quality report is generated using cell identifiers and/or
a quality rating of the connection between the wireless
apparatus and each of the base station apparatuses with-
in communication range of a wireless appliance. The cell
identifiers and/or the quality rating of the connection be-
tween the wireless apparatus and each of the base sta-
tions has been previously described.

[0031] The method further comprises generating a first
transfer request reply using a trained evaluation module
using the first transfer request. The first transfer request
reply comprises either a transfer acknowledgement mes-
sage or a transfer cancel message. The trained evalua-
tion module has been previously discussed. In embodi-
ments where there is a trained evaluation module in both
the first base station and the second base station, the
trained evaluation modules can be identical and on the
same computer system or they can be distributed across
the individual base station apparatuses. The method fur-
ther comprises sending the first transfer request reply to
the first base station. The method further comprises re-
ceiving a first connection reconfiguration complete mes-
sage from the wireless appliance if the first transfer re-
quest reply comprises a transfer acknowledgement mes-
sage. The first connection reconfiguration complete mes-
sage is a message from the wireless appliance that lets
the second base station know that the wireless appliance
has reconfigured itself properly. The method further com-
prises establishing the wireless communication connec-
tion with the wireless appliance if the first connection
reconfiguration complete message has been received.
At this point the wireless communication connection has
been successfully transferred from the first base station
apparatus to the second base station apparatus. The
method further comprises sending a context release
message to the first base station apparatus if the first
connection reconfiguration complete message was re-
ceived.

[0032] Itis also possible that the first transfer request
reply contains a transfer cancel message. In this case
the wireless communication connection of the wireless
appliance was not transferred to the second base station
apparatus. The transfer cancel message is used by the
first base station apparatus that it should try to transfer
the wireless appliance to an alternative base station ap-
paratus.

[0033] In another embodiment, the method further
comprises the step of monitoring the wireless communi-
cation connection for a predetermined period of time for
a communication change event. A communication
change event is defined herein as any event which is
undesirable for a wireless communication connection.
Examples would be a loss of connection, a deterioration
in the quality of the connection, for instance a loss of
signal strength or the data in the signal being corrupted,
or arequest from the handset to transfer to another base
station again rapidly. The method further comprises the
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step of generating a set of training data using the signal
quality report and the first transfer request reply if the
communication change event occurs within the prede-
termined time. This is advantageous, because if the com-
munication change event occurs within the predeter-
mined time, then it indicates that it is not advantageous
to transfer the communication connection of the wireless
apparatus to the second base station. In this case the
training data is then used to update the evaluation mod-
ule. The method further comprises the step of training
the trained evaluation modules with the set of training
data.

[0034] In another embodiment, the communication
change event is loss of radio communication.

[0035] In another embodiment, the communication
change event is the reception of a second signal quality
report from the wireless appliance indicating that the
wireless communication connection with the wireless ap-
pliance should be transferred to a different base station
apparatus. This embodiment is advantageous, because
it indicates that the communication connection needs to
be transferred to a different base station apparatus too
quickly. The trained evaluation module can then be up-
dated with information to prevent this from happening
again.

[0036] In another embodiment, the first transfer re-
quest reply comprises a transfer cancel message.
[0037] In another embodiment, if the first transfer re-
questreply comprises a transfer cancel message the first
transfer request reply comprises a set of training data
generated using the signal quality report. This is advan-
tageous, because the training data can be sent to a
trained evaluation module in the first base station appa-
ratus.

[0038] In another embodiment, if the first transfer re-
questreply comprises a transfer cancel message the first
transfer request comprises a cause value indicating the
reason for the transfer cancel message.

[0039] In another embodiment, if the first transfer re-
questreply comprises a transfer cancel message the first
transfer request comprises a base station apparatus
identifier that identifies the alternative base station ap-
paratus.

[0040] In another embodiment, if the first transfer re-
questreply comprises a transfer cancel message the first
transfer request reply specifies an alternative base sta-
tion apparatus to transfer the wireless communication
connection to. This embodiment is advantageous, be-
cause the optimum base station apparatus to transfer
the wireless communication connection to may not nec-
essarily have the next highest quality or signal strength
rating.

[0041] Inanother embodiment the signal quality report
comprises global navigation satellite system data. This
embodiment is advantageous, because the position of
the wireless apparatus can be used to evaluate the best
base station apparatus to transfer to.

[0042] Inanother embodiment the signal quality report
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comprises measurement data of the beam forming meth-
od for example in terms of angles used by the first base
station for the wireless communication method. This em-
bodiment is advantageous, because the beam forming
method can be used to approximate the location of the
wireless appliance.

[0043] In another embodiment, the trained evaluation
module is adapted for using the signal quality report to
map a location and direction of travel of the wireless ap-
plication with the purpose of generating the first transfer
reply request. This is advantageous because the location
and the direction of travel can be used to identify regions
where using the quality rating of the connection may be
misleading as to which is the best base station apparatus
to transfer the wireless communication connection to.
[0044] In another aspect the invention provides for a
computer program product comprising machine execut-
able instructions for performing the method of operating
asecond base station apparatus for receiving the transfer
wireless communication connection with the wireless ap-
pliance from the first base station appliance.

[0045] In another aspect, the invention provides for a
base station apparatus adapted for performing any one
of the embodiments of the method of the invention.

Brief Description of the Drawings

[0046] In the following preferred embodiments of the
invention will be described, by way of examples only, and
with reference to the drawings in which:

Figure 1 shows a flow chart for an embodiment of a
method for operating a first base station,

Figure 2 shows a flow chart for an embodiment of a
method for operating a second base station which
has been selected by the first base station for the
transfer of the wireless connection,

Figure 3 illustrates the situation where radio link fail-
ure occurs just after the hand off of a wireless appli-
ance from one base station apparatus to another at
a certain cell border location,

Figure 4 illustrates the flow of messages for hando-
ver procedure between the wireless appliance and
the corresponding base stations and how a radio link
failure can be detected for a certain cell border loca-
tion using a timer in the second base station appa-
ratus,

Figure 5illustrates the flow of messages for a transfer
of a wireless communication connection being re-
jected by a second base station apparatus due to a
previous radio link failure at a certain cell border lo-
cation,

Figure 6 illustrates the flow of messages where a
first base station apparatus selects the second base
station apparatus, which does not has the highest
signal quality rating, with the help of handover rejec-
tions received from the second base station caused
by previous radio link failures for a certain cell border
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location,

Figure 7 illustrates a situation where rapid handovers
occur just after a wireless appliance has been trans-
ferred between two base station apparatuses at a
certain cell border location,

Figure 8 illustrates the flow of messages and how a
rapid handover can be determined for a certain cell
border location using a timer,

Figure 9 illustrates the flow of messages where a
wireless communication connection being rejected
by a second base station apparatus due to a rapid
handovers at a certain cell border location,

Figure 10 illustrates the flow of messages where a
first base station apparatus selects the second base
station apparatus, which does not has the highest
signal quality rating, with the help of handover rejec-
tions received from the second base station caused
by previous rapid handovers at a certain cell border
location.

Detailed Description

[0047] Like numbered elements in these figures are
either identical elements or perform the same function.
Elements which have been discussed previously will not
necessarily be discussed in later figures if the function is
identical.

[0048] Figure 1 shows a flowchart for an embodiment
of a method of operating a first base station for transfer-
ring a wireless communication connection with the wire-
less appliance to one of a set of second base station
apparatuses. Step 100 is the start of the method. Step
102 is receiving the signal quality report. The signal qual-
ity report contains a quality rating or a measure of the
connection between the wireless appliance and each of
the second base station apparatuses. This can be a
measure of the position of the wireless apparatus relative
to the different second base station apparatuses, or it
can also be a measure of the signal strengths or the ratio
of the power with respect to the source power. In step
104 a preferred base station is selected. The preferred
base station can be selected using the quality rating of
each of the second base station apparatuses. The next
step is step 106 which is sending a first transfer request
to the preferred base station apparatus. The first transfer
request may specify a location identifier which provides
information for mapping the location of the wireless ap-
paratus. The location identifier may specify the location
of the wireless apparatus, or it may be a mapping. For
example the signal strengths of the various base station
apparatuses within range combined with a prior knowl-
edge of these signal strengths could be used to construct
such a mapping.

[0049] Step 106 is a request by the first base station
to transfer the wireless appliance to the preferred base
station apparatus. In the next step the first transfer re-
quest reply is received from the preferred base station.
In either a transfer acknowledgement message or a

10

15

20

25

30

35

40

45

50

55

transfer cancel message is received with the first transfer
reply request. In the case of a transfer acknowledgement
message, the wireless communication is transferred
from the first base station to the preferred base station.
In this case the next step is step 124 which is to send a
first connection reconfiguration request to the wireless
appliance. The next step is step 126 which is to receive
a first release command from the preferred base station
apparatus. This is an indication that the preferred base
station has established the wireless communication con-
nection with the wireless appliance. In the next step the
first base station terminates the wireless communication
connection with the wireless appliance. The termination
of a wireless communication connection may include the
termination of the connection to the communication net-
work that the base station apparatus provides to the wire-
less appliance. Step 130 is after this and this is an end
of the method. Step 108 was to receive the first transfer
request reply. In the case that a transfer cancel message
is received, the next stepis 110 which is to send a second
transfer request. The second transfer request may also
specify a location identifier which provides information
for mapping the location of the wireless apparatus. The
second transfer request is sent to the alternative base
station apparatus. The next step is step 112 which is to
receive a second transfer request reply. As with the first
transfer request reply 108, the second transfer request
reply 112 has two possibilities also. Again these are re-
ceiving either a transfer acknowledgement message or
a transfer cancel message. In the case of a cancel trans-
fer message, the first base station will try to transfer to
an additional base station apparatus 122. In the case of
an acknowledged transfer message, the next step is 114
which is to send a second connection reconfiguration re-
quest. The next step is step 116 which is to receive a
second release command from the alternative base sta-
tion. The next step is step 118 which is to terminate the
wireless connection with the wireless appliance 118.
Again, the termination of a wireless communication con-
nection may include the termination of the connection of
the communication network that the base station appa-
ratus provides to the wireless appliance. At this point the
wireless communication connection has been success-
fully transferred to the alternative base station apparatus.
[0050] Figure 2 shows an embodiment of the method
of operating a second base station apparatus in the form
of aflowchart. In the transfer of a wireless communication
connection with a wireless appliance from a first base
station appliance is shown in this flowchart. Step 200 is
the start of the method. Step 202 is to receive afirst trans-
fer request from the first base station apparatus. The first
transfer request may comprises a signal quality report
and the signal quality report as previously described is
generated using a quality rating of the connection be-
tween the wireless apparatus and each of the base sta-
tion apparatuses within communication range of the wire-
less appliance. The first transfer request may also com-
prise a a location identifier which provides information
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for mapping the location of the wireless apparatus. The
next step is step 204 which is to generate a first transfer
requestreply. Thefirsttransfer request reply is generated
using a training evaluation module using the first transfer
request. The first transfer request reply comprises either
a transfer acknowledgement message or a transfer can-
cel message. In the case of a transfer acknowledgement
message, the next step is to send the first transfer request
reply with transfer acknowledgement message to the first
base station 210. The next step is step 212 which is to
establish a wireless communication connection with the
wireless appliance. The next step is step 214 and this is
to send a context release message to the first base sta-
tion. After step 214, the next step is 216 which is the end
of the method. However, if the first transfer request reply
contained a transfer cancel message, then the next step
after step 204 is step 206. Step 206 is sending the first
transfer request reply with the transfer cancel message.
The first transfer request reply may comprise a cause
value which indicates the reason for the transfer cancel
message. The first transfer request may also comprise
a base station apparatus identifier which may be used to
identify an alternative base station apparatus to transfer
the wireless appliance to. At this point the second base
station has rejected the transfer of the wireless appliance.
The next step is step 208 which is the end of the method.
[0051] Figure 3 illustrates the situation where a wire-
less appliance moves from one base station apparatus
to a second base station apparatus through positions
312, 316, 318. Figure 3 shows base station apparatus A
300, base station apparatus B 304, and base station ap-
paratus C 308. Line 302 is the boundary of the range of
the wireless coverage of base station apparatus A 300.
Line 306 is the boundary of coverage of base station
apparatus B 304. Line 310 is the boundary of coverage
for base station apparatus C. In this illustration the base
station apparatuses are eNBs. Initially the wireless ap-
pliance is at position 312. It then moves towards the
boundary of base station apparatus A’s coverage 302.
At position 316 the appliance is transferred to the control
of base station apparatus B 304. When the wireless ap-
pliance enters region 320, the wireless appliance at 318
then loses communication with base station apparatus
B 304. This figure illustrates the necessity of being able
to accurately predict radio link failures when the relative
position of the wireless apparatus is known. If the cover-
age hole 320 is known in advance by base station appa-
ratus A 300, then the wireless appliance 312, 316, 318
could have been transferred to base station apparatus
C 308 instead of base station apparatus B 304.

[0052] Inthe embodiments shown in figures 3 through
10, the wireless appliance is a mobile terminal or UE.
The base station apparatuses are the cells served by the
eNBs.

[0053] In figure 3, the border location can be differen-
tiated, if the handover preparation request received by
the target cell (base station apparatus B 304) from the
source cell (base station apparatus A 300) contains ad-
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ditional information in terms of approaching UE coordi-
nates, used beam-forming parameters of source cell, sig-
nal strength of other available candidate cells or ranking
of available strongest neighbor cells (like cell C 308 as
the second strongest cell). Hence the location based in-
formation can be comprised of any other information that
provides the hint about the specific location at the border.
By using thatinformation, the target cell which has a prob-
lematic cell border area can avoid the handovers coming
from the source cell only at that border location.

[0054] An improved solution can be achieved when
the source cell receives a qualitative feedback from the
target cell, i.e. when the target cell includes in the hando-
ver preparation failure message a cause value, e.g.
"handover recommended to another neighbor cell" and
even better also information which candidate cell should
be selected for a handover, e.g. by indicating the cell
identifier, e.g. Physical Cell ID or Cell Global ID. Then
the source cell can directly request a handover towards
the cell recommended by the rejecting target cell. Later
on when an additional self-learning algorithm is imple-
mented in the source cell which analyses the received
feedbacks from the target cell in combination with UE
measurement reports/ signal quality reports, the source
cell is able to decide on handovers directly to some other
suitable neighbor cell.

[0055] Figure 3 shows an assumed network scenario
based on 3 base station apparatuses (cells) 300, 304,
308. The coverage area of these cells overlaps in a cer-
tain region 316 and a coverage hole 320 of one of these
cells may be caused by a topological environment, e.g.
shadowed by a mountain or a big building. Coverage
holes can exist in real deployments even after an exten-
sive planning phase where a radio access network is
optimized in terms of radio conditions.

[0056] Consider a mobile terminal (UE = User Equip-
ment or wireless appliance) 312 that moves from cell A
300 towards cell B 304 and performs a successful hando-
ver with cell B 304 as shown in figure 3. However, just
after a successful handover indicated by cell B 304 to-
wards cell A 300, the UE 318 falls into the coverage hole
320 of cell B 304 and faces a Radio Link Failure (RLF).
After the RLF and after going through the standard pro-
cedure, the UE 318 connects itself to cell C 308. If cell B
304 learns that it has a coverage hole near the border of
cell A 300 and UEs 312 coming from there face always
or in most cases RLFs, it should cancel handover re-
quests arising from cell A 300. However, there is no bor-
der location information available according to UEs 312,
314 moving from cell A 300 towards cell B 304. Therefore,
this would not be a perfect solution as the coverage hole
does not affect the complete common border area of cell
B 304 with cell A 300 as shown in figure 3. UEs coming
from the other parts of the cell border between cell A 300
and cell B 304 do not face such problems. Hence if lo-
cation based border information is exchanged between
the cell A 300 and cell B 304 during the handover, cell B
304 can decide on the basis of a self-learning algorithm
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to reject dedicated handover requests coming from cell
A 300.

[0057] In the example scenario shown in figure 3, the
border location can be differentiated if the handover prep-
aration request received by cell B 304 from cell A 300
contains information about cell C 308 as the second
strongest cell. With the help of self-learning algorithm in
cell B 304, cell B 304 can analyze that the handovers
coming from cell A 300 with cell C 308 as the second
strongest mostly face RLFs. Thus if cell A 300 sends
handover preparation requests to cell B 304 for the UEs
which include cell C 308 as the second strongest cell,
cell B 304 will reject those handovers. If cell A 300 pre-
pares handover for the UEs which do not include cell C
308 as second strongest cell, cell B 304 will accept those
handovers.

[0058] Figure 4 shows the detection of a radio link fail-
ure 424 using a detection timer 422. Figure 4 shows the
communications between a wireless appliance 400, base
station apparatus A 402, base station apparatus B 406,
and base station apparatus C 408 with the help of flow
of messages. The first communication is from the wire-
less appliance 400 to the base station apparatus A 402.
A measurement report 410 showing that base station ap-
paratus B is the strongest signal with base station appa-
ratus C 408 having the second strongest signal. A hando-
ver request 412 is then sent from base station apparatus
A 402 to base station apparatus B 406. In step 414 a
handover request acknowledge is sent from base station
apparatus B to base station apparatus A 402. Base sta-
tion apparatus A 402 then sends an RRC connection
reconfiguration message 416 to the wireless appliance
400. The wireless appliance 400 then sends an RRC
connection reconfiguration to complete message 418 to
the base station apparatus B 406. Base station B 406
then sends a wireless appliance context release mes-
sage 420 to base station apparatus A 402. At this time a
radio link failure detection timer 422 is started. During
the time the detection timer 422 is active a radio link fail-
ure 424 event occurs. 426 indicates that the timer expired
and there was no contact from the wireless appliance
400. At this point the statistics are updated in base station
apparatus B406 andtraining data is generated toindicate
that the wireless appliance 400 should have been trans-
ferred to base station apparatus C 408 instead of base
station apparatus B 406. A statistical test may be per-
formed on the failure to determine if training data should
be generated. For instance if just a single failure occurs
it may be due to the operator and/or the positioning of
the wireless appliance. If multiple failures occur and the
number of failures is statistically significant then the train-
ing data is generated.

[0059] Figure 4 shows a possible message exchange
during the handover process between UE 400, eNB
(name of a base station specified by 3GPP LTE) of cell
A 402 and eNB of cell B 406 which are facing the situation
represented by figure 3. This message flow is based upon
the specified handover procedure in 3GPP TS 36.300
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(only relevant messages are shown in figure 2). Cell B
406 can learn about the problematic border location with
cell A 402, e.g. by setting a special timer.

[0060] Figure 5 illustrates the rejection of the transfer
of a wireless appliance 400 from base station apparatus
A 402 to base station apparatus B 406 by base station
apparatus B 406. In this figure there is base station ap-
paratus A 402, base station apparatus B 406, and base
station apparatus C 408, and wireless appliance 400. In
a first step the wireless appliance 400 sends a measure-
ment report 500 indicating that base station apparatus B
has the strongest signal and that base station apparatus
C has the second strongest signal 500 to base station
apparatus A 402. Base station apparatus A 402 then
sends a handover request 502 to base station apparatus
B 406. The handover request 502 also indicates that the
next strongest base station apparatus signal is from base
station apparatus C 408. In step 504 the statistics are
evaluated using trained evaluation module in step 504.
The trained evaluation module decides that the wireless
appliance 400 should be transferred to base station ap-
paratus C 408 instead. Base station apparatus B then
sends a handover preparation failure message 506 to
base station apparatus A 402. The base station appara-
tus A 402 receives this message and updates the statis-
tics 508 concerning this handover cancel. This informa-
tion is then used to generate training data which is used
to train the trained evaluation module. Base station ap-
paratus A 402 then sends a handover request to base
station apparatus C 408. Base station apparatus C 408
then sends a handover request acknowledgement mes-
sage 512 to base station apparatus A 402. Base station
apparatus A then sends an RRC connection reconfigu-
ration message 514 to the wireless appliance 400. The
wireless appliance 400 then sends an RRC connection
reconfiguration complete 516 message to base station
apparatus C 408. Base station apparatus C 408 then
sends a wireless appliance context release message 518
to base station apparatus A 402.

[0061] Infigure5,itis shown thatthe cell B 406 detects
the problem and rejects the handovers by sending a
handover preparation failure message to cell A 402 in-
cluding a recommendation to perform handover to cell C
408. Then cell A 402 will accept this recommendation
and attempts handover preparation towards cell C 408.
[0062] Figure 6 illustrates the selection of base station
apparatus C 408 instead of base station apparatus B 406
(although B is the strongest cell) for the transfer of a wire-
less communication connection between a wireless ap-
paratus 400 and base station A 402. In the first step a
measurement report is sent from the base station appa-
ratus 400 to base station A 402. In step 602 the handover
request is evaluated by a trained evaluation module. The
trained evaluation module rejects the transfer to base
station B 406 and instead initiates the procedure of trans-
ferring the wireless appliance 400 to base station appa-
ratus C 408. In the next step base station apparatus A
402 sends a handover request message 604 to base
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station apparatus C 408. Base station apparatus C 408
then sends a handover request acknowledge 606 to base
station apparatus A 402. Base station apparatus A then
sends an RRC connection reconfiguration message 608
to the wireless appliance 400. The wireless appliance
then sends an RRC connection reconfiguration complete
message 610 to base station apparatus C 408. The base
station apparatus C then sends a wireless appliance con-
text release message 612 to base station apparatus A
402.

[0063] Moreover cell A 402 also learns from the feed-
backs of cell B 406. In figure 6, it is shown that when UE
400 sends handover request 604 to cell A 402 with cell
B 406 as handover candidate and cell C 408 as the sec-
ond strongest cell, cell A 402 detects the problem and
sends a handover preparation request directly to cell C
408 instead of cell B 406.

[0064] The location based information during hando-
ver preparation and the corresponding feedbacks trans-
mitted between two cells can also be used for other ap-
proaches, e.g. to avoid short visit times caused by UEs
400 moving through hot spots or by UEs 400 moving
through a small transit cell as shown in figure 7. These
situations are also very common in a typical urban de-
ployment.

[0065] Figure 7 is an illustration of how a wireless ap-
pliance 700, 702, 704, can briefly enter radio range of a
base station apparatus and then quickly leave it again.
Base station apparatus A 708 is shown with the boundary
of its wireless coverage 710. Base station apparatus B
714 is shown with the boundary of its wireless coverage
716. Base station apparatus C 712 is shown with the
boundary of its wireless coverage 718. The wireless ap-
pliance 700, 702, 704 is shown in several different posi-
tions. Initially the wireless appliance 700 is only within
radio range of base station apparatus A 708. As the wire-
less appliance 700 travels along path 706, it briefly enters
a region where it is located within radio range of base
station apparatus C 712. However, it quickly exits this
region and goes to position 704 where it is out of range
of base station apparatus C 712. In this case, if the wire-
less appliance 700, 702, 704 is transferred to base station
apparatus C 712, it would result in the wireless appliance
700, 702, 704, having to be transferred rapidly to base
station apparatus B 714. In this situation it is the best to
save the network signaling overload if the wireless ap-
pliance 700, 702, 704, is transferred directly to base sta-
tion apparatus B 714 instead.

[0066] In the embodiment shown in figure 7, the wire-
less appliance 700, 702, 704 is a cell phone or UE. The
base station apparatuses 708, 714, 712 are cellular tel-
ephone cells.

[0067] Such another approach is shown in figure 7
based on an assumed network scenario including 3 cells.
A part of the coverage area of cell A 710, cell B 716 and
cell C 718 overlaps in such a way that cell C 712 appears
to be strongest for a very small region in this overlap.
Consider a UE 700, 702, 704 that moves from cell A 708
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in the direction of cell B 714 and pass through this overlap
area 702 as shown in figure 7. The UE 700, 702, 704 will
perform handover from cell A 708 to cell C 712 and then
from cell C 712 to cell B 714. However, the visit time of
the UE 700, 702, 704 in cell C 712 s very short. Just after
coming to cell C 712 it makes successive handover to
cell B 714. If cell A 708 prepares the handover to cell C
712 with the additional information of cell B 714 as the
second strongest cell, cell C 712 can learn this situation
and can reject the handovers. Later on, cell A 708 can
directly perform handovers to cell B 714 for UEs 700,
702, 704 moving in that region.

[0068] The possible handover messages flow dia-
grams between the UE, eNBs of cell A, cell C and cell B
for the detection and rectification of this problem by cell
C and cell A are shown in figures 8, 9 and 10.

[0069] Figure 8 shows an example of using a detection
timer 812 to detect when a rapid handoff failure occurs.
In step 800 the wireless appliance 820 sends a meas-
urement report 800 to base station apparatus A 822.
Measurement report 800 indicates that base station ap-
paratus C has the strongest signal and that the next
strongest signal is from base station apparatus B. Base
station apparatus A 822 then sends a handover request
802 to base station apparatus C 828. The handover re-
quest 802 contains information that the next strongest
base station apparatus signal is from base station appa-
ratus B 826. Base station apparatus C 828 then sends a
handover request acknowledge message 804 to base
station apparatus A 822. Base station apparatus A 822
then sends an RRC connection reconfiguration message
806 to the wireless appliance 820. The wireless appli-
ance 820 then sends an RRC connection reconfiguration
complete message 808 to base station apparatus C 828.
Base station apparatus C then sends a wireless appli-
ance context release message 810 to base station ap-
paratus A. At the same time a rapid handover detection
timer 812 is started. During the duration of this timer 812,
a measurement report 814 is sent from the wireless ap-
pliance 820 to the base station apparatus C 828. This
measurement report 814 indicates that the strongest sig-
nal is from base station apparatus B. As this rapid hando-
ver was detected, the trained evaluation module is
trained using this information.

[0070] Figure 9 shows the rejection of a handover from
base station apparatus A to base station apparatus C
828 that is rejected by the trained evaluation module of
base station apparatus C 828. The first step is step 900
in which a measurement report is sent from the wireless
appliance 820 to base station apparatus A 822. The
measurement report 900 contains information that the
strongest signal from the base station apparatuses is
from base station apparatus C 828, with the next strong-
est signal being from base station apparatus B 826. Base
station apparatus A 822 then sends a handover request
902 to base station apparatus C 828. The handover re-
quest 902 contains information that the next strongest
signal is from base station apparatus B 826. The trained
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evaluation module of base station apparatus C 828 eval-
uates the rapid handovers in step 904. The trained eval-
uation module then decides that it is better to transfer the
wireless appliance 820 to base station apparatus B 406.
In step 906 base station apparatus C 828 sends a hando-
ver preparation cancel message 906 to base station ap-
paratus A 822. Within the handover preparation cancel
message 906 is a recommendation that the wireless ap-
pliance 820 be transferred to base station apparatus B
826. Base station apparatus A 822 then updates its own
trained evaluation module in step 908. Base station ap-
paratus A 822 then sends a handover preparation mes-
sage 910 to base station apparatus B 826. Base station
apparatus B 826 then sends a handover request ac-
knowledge message 912 to base station apparatus A
822. Base station apparatus A 822 then sends an RRC
connection reconfiguration message 914 to wireless ap-
pliance 820. Wireless appliance 820 then sends an RRC
connection reconfiguration complete message 916 to
base station apparatus B 826. Base station apparatus B
826 then sends a wireless appliance context release
message 918 to base station apparatus A 822.

[0071] Figure 10 illustrates the selection of base sta-
tion apparatus B 826 instead of base station apparatus
C 828 (although C is the strongest cell) for the transfer
of a wireless communication connection between a wire-
less apparatus 820 and base station A 822. In step 1000
wireless appliance 820 sends a measurement report
1000 message to base station apparatus A 822. The
measurement report 1000 contains information that base
station apparatus C 828 has the strongest signal and that
base station apparatus B 826 has the second strongest
signal. The trained evaluation module of base station ap-
paratus A 822 then evaluates the measurement report
1000 in step 1002. The trained evaluation module then
determines that due to rapid handovers the wireless ap-
pliance 820 should instead be transferred to base station
apparatus B 826. In the next step base station apparatus
A 822 sends a handover request preparation signal 1004
to base station apparatus B 826. Base station apparatus
B 826 then sends a handover request acknowledge mes-
sage 1006 to base station apparatus A 822. Base station
apparatus A 822 then sends an RRC connection recon-
figuration message 1008 to wireless appliance 820. Wire-
less appliance 820 then sends an RRC connection recon-
figuration complete message 1010 to base station appa-
ratus B 826. Base station apparatus B 826 then sends a
wireless appliance context release message 1012 to
base station apparatus A 820.

List of reference numerals

[0072]

300 Base station apparatus A

302 Boundary of wireless coverage of base station
apparatus A

304 Base station apparatus B

10

15

20

25

30

35

40

45

50

55

11

306 Boundary of wireless coverage of base station
apparatus B

308 Base station apparatus C

310 Boundary of wireless coverage of base station
apparatus C

312  Position of wireless appliance only within range
of base station apparatus A

314  Path of wireless appliance

316  Position of wireless appliance when transferred
to base station apparatus B

318  Position of wireless appliance in coverage hole
of base station apparatus B

320 Wireless communication coverage hole of base
station apparatus B

400 Wireless appliance

402 Base station apparatus A

406 Base station apparatus B

408 Base station apparatus C

424  Radio link failure event

700 Position of wireless appliance only within range
of base station apparatus A

702  Position of wireless appliance when briefly in
range of base station apparatus C

704  Position of wireless appliance when out of range
of base station apparatus C

706 Path traversed by wireless appliance

708 Base station apparatus A

710 Boundary of wireless coverage of base station
apparatus A

712  Base station apparatus C

714  Base station apparatus B

716  Boundary of wireless coverage of base station
apparatus B

718 Boundary of wireless coverage of base station
apparatus C

820 Wireless appliance

822  Base station apparatus A

826 Base station apparatus B

828 Base station apparatus C

Claims

1. A method of operating a first base station apparatus
(300, 402, 708, 822) for transferring a wireless com-
munication connection with a wireless appliance
(312, 316, 318, 400, 700, 702, 704, 820) from the
first base station appliance to one of a set of second
base station apparatuses (304, 308, 406, 408, 712,
714, 826, 828) comprising at least a preferred base
station apparatus (304, 406, 712, 828) and an alter-
native base station apparatus (308, 408, 714, 826)
wherein the method comprises:

- receiving a signal quality report (102, 410, 500,
600, 800, 900, 1000) from the wireless appli-
ance, wherein the signal quality report compris-
es a quality rating of the connection between the



21 EP 2 244 502 A1 22

wireless appliance and each of the second base
station apparatuses, wherein the signal quality
report comprises a location identifier for map-
ping the location of the wireless appliance.

- selecting the preferred base station (104, 602,
1002) using the signal quality report,

- sending a first transfer request (106, 412, 502,
604, 802, 902, 1004) to the preferred base sta-
tion apparatus, wherein the first transfer request
comprises the signal quality report,

- receiving a first transfer request reply (108,
414, 506, 606, 804, 906, 1006) from the pre-
ferred base station apparatus, wherein the first
transfer request reply comprises either a trans-
fer acknowledgement message (414, 606, 804,
1006) or a transfer cancel message (506, 906),
- sending a first connection reconfiguration re-
quest (124, 416, 608, 806, 1008) to the wireless
appliance if the transfer request reply comprises
the transfer acknowledgement message,
wherein the first connection reconfiguration re-
questinstructs the wireless appliance to shift the
wireless communication connection from the
firstbase station apparatus to the preferred base
station apparatus,

- receiving a first release command (126, 420,
612, 810, 1012) from the preferred base station
apparatus if the first connection reconfiguration
request was sent,

- terminating the wireless communication con-
nection (128) with the wireless appliance if the
first release command is received,

- sending a second transfer request (110, 510,
910) to the alternative base station apparatus if
the first transfer request reply comprises atrans-
fer cancel message,

- receiving a second transfer request reply (112,
512, 912) from the alternative base station ap-
paratus if the second transfer request was sent,
wherein the first transfer request reply compris-
es either a transfer acknowledgement message
or a transfer cancel message,

- sending a second connection reconfiguration
request (114,514, 914) to the wireless appliance
if the second transfer request reply comprises
the transfer acknowledgement message,
wherein the second connection reconfiguration
request instructs the wireless appliance to shift
the wireless communication connection fromthe
first base station apparatus to the alternative
base station apparatus,

- receiving a second release command (116,
518, 918) from the alternative base station ap-
pliance if the second connection reconfiguration
request was sent,

- terminating the wireless communication con-
nection (118) with the wireless appliance if the
second release command is received or a first
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internal timer expires,

The method of claim 1, wherein the first transfer re-
quest reply (506, 906) specifies which of the second
base stations is the alternative base station.

The method of claim 1 or 2, wherein the connection
between the alternative base station and the wireless
appliance has the second highest quality rating
and/or wherein the connection between the pre-
ferred base station and the wireless appliance has
the highest quality rating.

The method of claim 1, 2, or 3, wherein the preferred
base station apparatus and/or the alternative base
station apparatus is selected using a trained evalu-
ation module, wherein the trained evaluation module
is adapted to be trained using training data.

The method of claim 4, wherein if the first transfer
request reply comprises a transfer cancel message
(506, 906) the first transfer request comprises a
cause value indicating the reason for the transfer
cancel message and/or a base station apparatus
identifier that identifies the alternative base station
apparatus.

The method of claim 4 or 5, wherein the method fur-
ther comprise the steps of:

- generating a set of training data using the signal
quality report and the first transfer request reply,
- updating the trained evaluation module (426,
508, 816, 908) using a set of training data.

A computer program product comprising machine
executable instructions for performing the method of
any one of the preceding claims on a base station
apparatus.

A method of operating a second base station (406,
408,712, 714, 826, 828) apparatus for receiving the
transfer of a wireless communication connection
with a wireless appliance (312, 316, 318, 400, 700,
702, 704, 820) from a first base station appliance
(300,402,708, 822), wherein the method comprises:

- receiving a first transfer request (202) from the
first base station apparatus, wherein the first
transfer request comprises a signal quality re-
port, wherein the signal quality report is gener-
ated using a quality rating of the connection be-
tween the wireless apparatus and each base
station apparatus within communication range
of the wireless appliance.

- generating a first transfer request reply (204)
using a trained evaluation module using the first
transfer request, wherein the first transfer re-
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quest reply comprises either a transfer acknowl-
edgement message or a transfer cancel mes-
sage,

- sending the first transfer request reply (206,
210) to the first base station,

- receiving a first connection reconfiguration
complete (211) message from the wireless ap-
plianceif the first transfer request reply comprise
the transfer acknowledgement message,

- establishing the wireless communication con-
nection (212) with the wireless appliance if the
first connection reconfiguration complete mes-
sage was received,

-sending a contextrelease (214) to the firstbase
station apparatus if the first connection recon-
figuration complete message was received.

The method of claim 8, wherein the method further
comprises the steps of:

- monitoring the wireless communication con-
nection for a predetermined period of time (422,
812) for a communication change event,

- generating a set of training data using the signal
quality report and the first transfer request reply
if the communication change event occurs with-
in the predetermined time,

- training the trained evaluation module using
the set of training data (426, 816).

The method of claim 9, wherein the communication
change event is the loss of radio communication
(424).

The method of claim 9, wherein the communication
change event is the reception of a second signal
quality report (814) from the wireless appliance in-
dicating that the wireless communication connection
with the wireless appliance should be transferred to
a different base station apparatus.

The method of any one of claims 8 through 11,
wherein if the first transfer request reply comprises
a transfer cancel message (506, 906) the first trans-
fer request comprises a cause value indicating the
reason for the transfer cancel message.

The method of any one of claims 8 through 12,
wherein if the first transfer request reply comprises
a transfer cancel message (506, 906) the first trans-
fer request reply comprises a base station apparatus
identifier that identifies the alternative base station
apparatus.

The method of any one of claims 8 through 13,
wherein the signal quality report comprises global
navigation satellite system data which provides the
location of the wireless appliance and/or wherein the
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signal quality report comprises measurement data
of the beam forming method used by base station
apparatuses for forming the wireless communication
link and/or wherein the trained evaluation module is
adapted for using the signal quality report to map a
location and direction of travel of the wireless appli-
cation for the purpose of generating the first transfer
request reply.

A computer program product comprising machine
executable instructions for performing the method of
any one of claims 8 through 14 on a base station
apparatus.

Amended claims in accordance with Rule 137(2)

EPC.

1. A method of operating a first base station appa-
ratus (300, 402, 708, 822) for transferring a wireless
communication connection with a wireless appliance
(312, 316, 318, 400, 700, 702, 704, 820) from the
first base station appliance to one of a set of second
base station apparatuses (304, 308, 406, 408, 712,
714, 826, 828) comprising at least a preferred base
station apparatus (304, 406, 712, 828) and an alter-
native base station apparatus (308, 408, 714, 826)
wherein the method comprises:

- receiving a signal quality report (102, 410, 500,
600, 800, 900, 1000) from the wireless appli-
ance,

- selecting the preferred base station (104, 602,
1002) using the signal quality report,

- sending a first transfer request (106, 412, 502,
604, 802, 902, 1004) to the preferred base sta-
tion apparatus, wherein the first transfer request
comprises the signal quality report,

- receiving a first transfer request reply (108,
414, 506, 606, 804, 906, 1006) from the pre-
ferred base station apparatus, wherein the first
transfer request reply comprises either a trans-
fer acknowledgement message (414, 606, 804,
1006) or a transfer cancel message (506, 906),
wherein the selection between the transfer ac-
knowledgement message and the transfer can-
cel message is made using the signal quality
reoprt,

- sending a first connection reconfiguration re-
quest (124, 416, 608, 806, 1008) to the wireless
appliance if the transfer request reply comprises
the transfer acknowledgement message,
wherein the first connection reconfiguration re-
questinstructs the wireless appliance to shift the
wireless communication connection from the
firstbase station apparatus to the preferred base
station apparatus,

- receiving a first release command (126, 420,
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612, 810, 1012) from the preferred base station
apparatus if the first connection reconfiguration
request was sent,

- terminating the wireless communication con-
nection (128) with the wireless appliance if the
first release command is received,

- sending a second transfer request (110, 510,
910) to the alternative base station apparatus if
the first transfer request reply comprises atrans-
fer cancel message,

wherein the method is characterized by performing
the steps of:

- receiving a second transfer request reply (112,
512, 912) from the alternative base station ap-
paratus if the second transfer request was sent,
wherein the first transfer request reply compris-
es either a transfer acknowledgement message
or a transfer cancel message,

- sending a second connection reconfiguration
request (114,514, 914) to the wireless appliance
if the second transfer request reply comprises
the transfer acknowledgement message,
wherein the second connection reconfiguration
request instructs the wireless appliance to shift
the wireless communication connection fromthe
first base station apparatus to the alternative
base station apparatus,

- receiving a second release command (116,
518, 918) from the alternative base station ap-
pliance if the second connection reconfiguration
request was sent,

- terminating the wireless communication con-
nection (118) with the wireless appliance if the
second release command is received or a first
internal timer expires,

wherein the signal quality report comprises a quality
rating of the connection between the wireless appli-
ance and each of the second base station appara-
tuses, wherein the first transfer request reply (506,
906) specifies which of the second base stations is
the alternative base station.

2. The method of claim 1, wherein the connection
between the alternative base station and the wireless
appliance has the second highest quality rating
and/or wherein the connection between the pre-
ferred base station and the wireless appliance has
the highest quality rating.

3. The method of claim 1 or 2, wherein the preferred
base station apparatus and/or the alternative base
station apparatus is selected using a trained evalu-
ation module which uses the quality signal report for
the selection, wherein the trained evaluation module
is adapted to be trained using training data, and
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wherein the training data is any one of the following:
generated by a self-learning mechanism based on
specific cell border locations from successive com-
munication failures or rapid handover requests,
manually created training data, and simulated train-
ing data.

4. The method of claim 3, wherein the signal quality
report comprises a location identifier for mapping the
location of the wireless appliance, and wherein the
trained evaluation module uses the location identifier
for selecting the preferred base station apparatus
and/or the alternative base station apparatus.

5. The method of claim 3 or 4, wherein if the first
transfer request reply comprises a transfer cancel
message (506, 906) the first transfer request com-
prises a cause value indicating the reason for the
transfer cancel message and/or a base station ap-
paratus identifier that identifies the alternative base
station apparatus.

6. The method of claim 3, 4, or 5, wherein the method
further comprise the steps of:

- generating a setof training data using the signal
quality report and the first transfer request reply,
- updating the trained evaluation module (426,
508, 816, 908) using a set of training data.

7. A computer program product comprising machine
executable instructions for performing the method of
any one of the preceding claims on a base station
apparatus.

8. Amethod of operating a second base station (406,
408, 712, 714, 826, 828) apparatus for receiving the
transfer of a wireless communication connection
with a wireless appliance (312, 316, 318, 400, 700,
702, 704, 820) from a first base station appliance
(300,402,708, 822), wherein the method comprises:

- receiving a first transfer request (202) from the
first base station apparatus, wherein the first
transfer request comprises a signal quality re-
port, wherein the signal quality report is gener-
ated using a quality rating of the connection be-
tween the wireless apparatus and each base
station apparatus within communication range
of the wireless appliance.

- generating a first transfer request reply (204)
using a trained evaluation module using the sig-
nal quality report of the first transfer request,
wherein the first transfer request reply compris-
es either a transfer acknowledgement message
or a transfer cancel message (506, 906),

- sending the first transfer request reply (206,
210) to the first base station,
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- receiving a first connection reconfiguration
complete (211) message from the wireless ap-
plianceif the first transfer request reply comprise
the transfer acknowledgement message,

- establishing the wireless communication con-
nection (212) with the wireless appliance if the
first connection reconfiguration complete mes-
sage was received,

-sending a contextrelease (214) to the firstbase
station apparatus if the first connection recon-
figuration complete message was received,

and characterized in that:

wherein if the first transfer request reply com-
prises a transfer cancel message the first trans-
fer request reply comprises a base station ap-
paratus identifier that identifies the alternative
base station apparatus.

9. The method of claim 8, wherein the method further
comprises the steps of:

- monitoring the wireless communication con-
nection for a predetermined period of time (422,
812) for a communication change event,

- generating a setof training data using the signal
quality report and the first transfer request reply
if the communication change event occurs with-
in the predetermined time,

- training the trained evaluation module using
the set of training data (426, 816),

wherein the communications change event is any
one of the following: the loss of radio communication
(424), the reception of a second signal quality report
(814) from the wireless appliance indicating that the
wireless communication connection with the wire-
less appliance should be transferred to a different
base station apparatus, the loss of the wireless com-
munication connection, the loss of signal strength
for the wireless communication connection, and the
corruption of data in the signal of the wireless com-
munication channel.

10. The method of claims 8 or 9, wherein if the first
transfer request reply comprises a transfer cancel
message (506, 906) the first transfer request com-
prises a cause value indicating the reason for the
transfer cancel message.

11. The method of any one of claims 8 through 10,
wherein the signal quality report comprises global
navigation satellite system data which provides the
location of the wireless appliance and/or wherein the
signal quality report comprises measurement data
of the beam forming method used by base station
apparatuses for forming the wireless communication
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link and/or wherein the trained evaluation module is
adapted for using the signal quality report to map a
location and direction of travel of the wireless appli-
cation for the purpose of generating the first transfer
request reply.

12. A computer program product comprising ma-
chine executable instructions for performing the
method of any one of claims 8 through 11 on a base
station apparatus.
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